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Abstract 
Whether or not the number of short-distance trips by motorcycles can be reduced still remains as an ill-answered question, 
especially in motorcycle dependent cities. Introducing mass transit systems in such cities may reduce long-distance trips by 
motorcycles on one hand, but may create short access trips by motorcycles on the other. Therefore, this paper aims to clarify the 
possibility of reducing the use of motorcycles for access trips. Based on subjective expectation data collected in Hanoi in 2009, 
we found significant disparity in the modal shares of future access modes to/from different stations between motorcycle and non-
motorcycle users, suggesting potential influences of state dependence and spatial differences on why people ride motorcycles. 
For the purpose of this study, we apply a multi-level modeling approach. Estimation results revealed the causal link between 
current main travel mode and future access mode choices. Current walkers and cyclists tend to choose walking and bicycle 
modes as future access modes, but they are less likely to choose motorcycles. If current bus users mostly walk from their homes 
to bus stops, they do not tend to ride motorcycles to access to/from urban railway stations in future. Additionally, people may 
dislike riding motorcycles from their homes to stations if they request the improvement of sidewalk and pedestrian facilities for 
better accessibility. Inversely, those selecting measures to improve parking facilities prefer motorcycles than other access modes. 
Moreover, it is empirically confirmed the significant influences of spatial variations and inter-household variations on choices of 
future access modes. The findings of this study suggest the importance of incorporating state dependence, spatial variations and 
inter-household variations in future studies of access mode choice behavior. 
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1. Introduction 
In developed countries, transportation researchers have much been interested in how to reduce the number of 
short car trips (Mackett, 2001; Mackett, 2003; Maibach et al., 2009), because the proportion of short car trips is 
significant. For example, 17% of trips within 1.6 km (1 mile) were made by cars in the UK (Mackett, 2001). 
Different from developed cities in Europe and the United States, motorcycles are playing an important role in daily 
travel in Asia developing cities such as Hanoi, Hochiminh, and Taipei. Hung (2006) introduced the concept of 
motorcycle dependent city. In such cities, a rapid increase in ownership and usage of individual motorized vehicles 
results in a number of environmental and economic issues. Cars are suitable for longer trips while motorcycles are 
more suitable for shorter trips like travel within the city or accessing to mass transit stations (Tuan, 2011). It is 
expected that motorcycles are significantly used for short trips (less than 1km) in motorcycle dependent cities. For 
instance, about 10% of motorcycle trips were less than 1 km in Taiwan in 2001 (Hsu et al., 2003). The use of 
individual motorized vehicles can be reduced by several policy actions. One of them is to construct mass transit 
systems in such motorcycle dependent cities. Because the operation of mass transit systems is often separated from 
traffic flow on urban roadway, the competition of such transport modes is very high in terms of speed, travel time 
and punctuality. Hence, this transport mode may attract motorcycle drivers. Mackett (2001) indicated that the most 
significant solution to reduce number of car trips would be to improve mass transit systems. However, the use of 
mass transit systems may lead to the use of motorcycle for access trips to/from stations even in case of very short 
distance.  
In the literature of access mode choice modeling, numerous studies have emphasized the importance of economic 
variables such as travel time and travel cost (Alhussein, 2011; Jou et al., 2011; Keumi and Murakami, 2012). But the 
effects of state dependence (i.e. causal link between past choice behavior and current choice behavior) and different 
types of variations (e.g., spatial variation and inter-household variations) have been paid less attention. In the 
context of medium- and long-distance trips, time and cost are main determinants of access mode choice when 
decision-makers trade-off between different transport modes. However, such attributes may not be the most 
important factors influencing mode choice in the context of short trips. Mackett (2001) pointed out that the purpose 
of trip was most important factor influencing the use of cars for short trips, while cost was not a big factor. 
Respondents are willing to reduce the use of cars for short trips if walking and cycling facilities or local facilities 
(e.g., shops) would be improved. Moreover, Mackett’s research showed spatial differences in the reasons why 
people drive, implying the necessity of quantifying spatial variations. Additionally, the habit in using motorized 
vehicles may lead to the use of such vehicles for short trips. Many studies have confirmed the importances of state 
dependence and different types of variations in understanding and modeling mode choice behavior (Bhat, 2000; 
Chikaraishi et al., 2010; Ramadurai and Srinivasan, 2006).  
Using data collected in 2004, Hung (2006) indicated that Hanoi was a typical motorcycle dependent city. 
According to statistics of Road and Railway Traffic Police Department in 2011, motorcycle ownership in Hanoi 
increased dramatically from 1.9 million in 2005 to 2.8 million in 2011. A small-scale GPS survey conducted with 
respect to 65 motorcycle users in Hanoi in 2010 reported that 18.32% of motorcycle trips are less than 1.0 km in 
length (Son, 2012). Hence, Hanoi is selected as the case study. Hanoi is one of the biggest cities in Vietnam with 
population about 6.8 million in 2011. The increase in number of motorized vehicles causes serious traffic congestion 
on main radial transport corridors. Bus ridership almost reached the capacity of bus systems and it is not easy to 
further construct more urban roadways. In the Hanoi Capital Construction Master Plan, it is stated that eight urban 
mass railway transit (UMRT) lines with total length 284.5 km will be constructed in the future. If UMRT operates, 
motorcycles are possibly used as access modes to/from UMRT stations. Therefore, this study empirically explores 
how to reduce the use of motorcycle for short access trips from origins to UMRT stations.  
With the above considerations, the objective of this paper is to emprically examine factors affecting mode 
choices of short access trips to/from mass transit stations in the context of motorcycle dependent cities, including 
state dependence, different types of variations, and possible events that can meet respondents’ access mode 
choice.These results will be used to answer the question “can we reduce the use of motorcycles for short access 
trips?”. 
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2. Data 
This study uses data collected in the Household and Facility User Interview Survey (HFUIS) which was carried 
out by the Consulting Centre for Transport Development (TRANCONCEN), University of Transport and 
Communication in Hanoi in 2009. This HFUIS survey was one critical survey for the project on Integrated UMRT 
and Urban Development for Hanoi which was done by JICA with the cooperation of ALMEC Corporation.  
The survey collected the following information: household characteristics, personal mobility and intention to use 
UMRT of households that are located within radius of 500 m or 1.0 km from the UMRT stations of Line Number 2. 
The UMRT Line Number 2 is one of planned UMRT lines in Hanoi Capital Construction Master Plan and consists 
of 15 stations. In the survey, 1,035 households with 3,111 individuals participated (TRANCONCEN, 2009). Since 
the objective of this study is to examine Hanoians’ mode choices for home-based short access trips to/from UMRT 
stations, 2,624 individuals having intention to use UMRT in the future were selected.  
In the survey, 12 more questions are further included, which are divided into three different groups.  
The first group is related to UMRT projects. Specifically, respondents were asked about whether or not they are 
be aware of UMRT projects in Hanoi city, how they know UMRT project, whether or not they are aware of the 
UMRT station nearest to their homes, and their perceptions on UMRT. 
In the second group, individuals were asked about intention to use UMRT and some related questions. 
Particularly, respondents need to answer: what will be the main purpose of trip by UMRT, the main reason why they 
do not want to use UMRT, and stations close to home and destination which they may often use. Respondents were 
provided with a map which shows routes and stations of four main UMRT lines. 
In the third group, respondents were also asked about their future access modes from their homes to UMRT 
stations and related information. Before answering questions in this group, surveyors instructed respondents in 
marking the location of their homes with “X” mark on a color map of the UMRT station nearest to respondents’ 
home (see Fig. 1). Note that the map in Fig. 1 can show clearly household locations and road network within radius 
of 1.0 km from UMRT station. Hence, respondent can realize that distance of access trip from home to station is 
short. Based on the appropriate route from home to station, respondents answered questions in this group. The first 
question in this group is: “How do you go to the station from home?” and respondents were asked to choose only 
one mode alternative in a given choice set. It is noted that the survey is not a stated preference experiment in which 
respondents usually make a decision based on clearly-defined hypothetical choice attributes. The choice set in this 
survey includes nine alternatives and no concrete alternative attributes were provided. Because there were only a 
small portion of respondents chose car and bus, these two alternatives were excluded from this analysis. As a result, 
the final choice set is comprised of four alternatives: walking, bicycle, motorcycle (driver), and motorcycle 
(passenger), and the final sample size is 2,605 respondents. Next, respondents were asked to answer questions about 
the assessments of trip conditions from home to station and measures to improve the accessibility as well as their 
expectations about what kinds of services in station and neighboring facilities. Finally, respondents answered their 
acceptable walking distance to UMRT stations and willingnes to pay for motorcycle parking nearby stations.  
Fig. 2 shows the modal split by stations obtained from the above 2,605 respondents. Among the 15 stations 
surveyed, the share of walking was highest, followed by motorcycle and bicycle. The percentage of respodents who 
intended to walk from their homes to UMRT stations varied from 42.74% (Station 7) to 91.37% (Station 6). The 
average of walking share was 77.09%. The share of motorcycle (driver) ranged from 5.83% (Station 2) to 34.19% 
(Station 7), with the average of 14.37%. This result is understandable, given the high motorcycle ownership and 
usage in Hanoi. On average, bicycles account for 5.26% of modal split of access mode by stations. Motorcyle 
(passenger) as an access mode had a low share of only 2.92% on average althought it was higher (around 5%) at two 
sations (Stations 3 and 4). 
Table 1 shows the modal shares of access modes. As expected, the access mode choices of non-motorcycle users 
were significant different from those of motorcycle users. The percentage of walking in the modal share of non-
motorcycle users was higher than that in the model share of motorcycle users, by 11.44%. While 9.42% of non-
motorcycle users choosed bicycle, only 0.78% of motorcycle users prefer cycling. In addition, more than one-fifth of 
motorcycle users (21.79%) intended to access UMRT stations by riding mototcycles, but only 2.89% of non-
motorcycle users are likely to use motorcycles.  
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Fig. 1. The color map of UMRT stations  
Note: Red point is UMRT station; Red dash circle represents radius of 1.0 km from UMRT station; Blue line represent the route 
from household location to UMRT station. 
 
 
Fig. 2. Access Modes by UMRT station 
 
         Table 1. Shares of Access Modes to UMRT Stations (%) 
Access modes 
Entire sample Motorcycle users       
(A) 
Non-motorcycle 
users  (B) 
Difference 
(B - A) 
   Walking 78.81% 74.10% 85.54% 11.44% (a) 
   Bicycle 4.34% 0.78% 9.42% 8.64% (a) 
   Motorcycle (driver) 14.01% 21.79% 2.89% -18.90% (a) 
   Motorcycle (passenger) 2.84% 3.33% 2.15% -1.18% (b) 
Total 100% 100% 100%  
             Note: (a) The difference is statistically significant at the 5% level;  (b) The difference is statistically significant at the 10% level 
627 Minh Tu Tran et al. /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  623 – 631 
3. Methodology 
This study deals with two types of variations: spatial variations and inter-household variations in the estimation 
of access mode choice model. Bhat (2000) made an initial attempt to captured spatial variations in the context of 
work-travel mode choice by introducing a multi-level cross-classified (MCL) model for discrete responses. This 
MCL model is used in this paper. To describe the model structure, let n represent individual n (n = 1, 2, …, N), let h 
represent household h (h = 1, 2, …, H), and let k represent residential zone k (k = 1, 2, …, K). Then, the utility that 
individual n belonging to household h in residential zone k chooses alternative j as access mode to UMRT station 
can be written as: 
 
                                       ܷ௡௛௞ ൌ ߚܺ௡௝௛௞ ൅ σ ߣ௠ כ ݀௡௠௠ ൅ ߨ௛௝ ൅ ߱௞௝ ൅ ߝ௡௝௛௞                                       (1) 
 
where 
ܺ௡௝௛௞: the explanatory variables, including individual attributes (e.g., age, gender), household characteristics (e.g., 
vehicle ownership), attitudinal variables (e.g., acceptable walking distance), 
݀௡௠: the dummy variable that takes a value of 1 if individual n chooses mode m as a current main travel mode, 
ߨ௛௝, ߱௞௝ : random components that capture unobserved variations across households and residential locations, 
respectively. It is assumed that they are normally distributed and uncorrelated with each other: ߨ௛௝̱ܰሺͲǡ ߪ௤௡ଶ ሻ and 
߱௞௝̱ܰሺͲǡ ߪఠ௞ଶ ሻ, 
ߚ, ߣ௠: unknown parameter vectors, 
ߝ௡௝௛௞: the error term that represents unobserved inter-individual variations, which are assumed to be identically 
and independently Gumbel distributed. 
Given values of ߨ௛௝ and ߱௞௝ , the conditional probability that individual n belonging to household h in residential 
zone k chooses alternative j can be expressed below. 
 
                                  ௡ܲ௝௛௞หሺߨ௛௝ǡ ߱௞௝ሻ ൌ ୣ୶୮ሺఉ௑೙ೕ೓ೖାσ ఒ೘כௗ೙೘೘ ାగ೓ೕାఠೖೕሻσ ୣ୶୮ሺఉ௑೙ೕ೓ೖାσ ఒ೘כௗ೙೘೘ ାగ೓ೕାఠೖೕሻ಻ೕసభ                     (2) 
 
The likelihood function for a given value of ߨ௛௝ and ߱௞௝  can be written as:  
 
                   ܮ௡௝௛௞ห൫ߨ௛௝ǡ ߱௞௝൯ ൌ ς ሾ ௡ܲ௝௛௞ห൫ߨ௛௝ǡ ߱௞௝൯ሿௗ೙ೕǤ ሾͳ െ ௡ܲ௝௛௞ห൫ߨ௛௝ǡ ߱௞௝൯ሿሺଵିௗ೙ೕሻே௡ୀଵ      (3) 
 
where ݀௡௝ is a dummy variable taking the value of 1 if individual n chooses alternative j as access mode to UMRT 
station and 0 otherwise. 
Let ܿ௡  be a vector that stacks ߨ௛௝  and ߱௞௝  terms; let ߠ  be a vector that includes all of the parameters to be 
estimated; and let σ be a corresponding vector of standard errors. Finally, the unconditional likelihood function can 
be obtained as follows: 
 
                                               ܮ௡௛௝௞ሺߠሻ ൌ  ׬൫ܮ௡௛௝௞หܿ௡൯݀ܨሺܿ௡ȁߪሻ         (4) 
 
The unconditional likelihood function in equation (4) takes an integral formula and cannot be solved analytically. 
In the literature, the hierarchical Bayesian procedure based on the Markov Chain Monte Carlo (MCMC) method 
have been applied to the estimation of multi-level models (Chikaraishi et al., 2011 (a); Chikaraishi et al., 2011 (b)). 
Draws from the posterior are obtained using the software WinBUGS (Bayesian inference Using Gibbs Sampling) 
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(Sturtz & Gelman, 2005). The convergence of the estimation results can be checked by using the Geweke diagnostic 
(Chikaraishi et al., 2011(a)). In this study, therefore, the MCMC method is used by using R and WinBUGS. 
4. Estimation Results 
In this study, to apply the hierarchical Bayesian procedure based on the Markov Chain Monte Carlo (MCMC) 
method, the non-informative prior distributions were given for all parameters, and a total of 110,000 iterations were 
made in order to obtain 10,000 draws: the first 10,000 for burn-in to mitigate start-up effects and the remaining 
100,000 iterations were used to generate the 10,000 draws, i.e., every 10th sample was retained. The results of the 
Geweke diagnostic indicate that all parameters converged well.  
Results of estimated parameters are shown in Table 2. Walking mode is preferable as an access mode, as 
evidenced by the large positive constant term with high level of significance. The constant term of bicycle mode has 
a negative sign and is statistically significant, indicating that people are less likely to choose cycling. Among 
household attributes, first, number of children has a negative influence on bicycle and motorcycle (driver) 
alternatives, implying that respondents less prefer bicycle and motorcycle if their households have more children. 
Inversely, previous studies have found positive effects of children on motorcycle usage in the context of motorcycle 
dependent cities (Lai and Lu, 2007; Minh Tu, 2012). Second, number of workers is positively associated with 
walking mode. Perhaps, when individuals have companion they are likely to walk from their home to UMRT 
stations. No significant effects were found for average household income and household bicycle ownership. Finally, 
household motorcycle ownership negatively affects the choice of walking: individuals with available motorcycle 
may dislike walking from their homes to UMRT stations.  
The second group of variables is individual attributes. Male shows a positive influence on motorcycle (driver) 
and a negative influence on walking and bicycle, but none of them were statistically significant. We did not find any 
evidence for a non-linear effect of age. The older people are likely to choose walking and motorcycle (driver) as 
access mode to UMRT stations. The state dependence is found to have a significant influence on individuals’ access 
mode choice. As expected, if people currently prefer non-motorized modes such as walking and cycling, they are 
more likely to choose such modes as access mode to UMRT stations. Specifically, “walking” variable is positively 
associated with walking and bicycle as access modes, while it is negatively associated with motorcycle (driver). 
These results indicate that respondents may prefer walking and bicycle and dislike riding motorcycle if their current 
trips are mainly made by walking. Similarly, “cycling” variable is found to positively influence the choice of 
walking and bicycle and negatively motorcycle (driver). Additionally, if current bus users often access to bus stops 
by walking, they are less likely to ride motorcycles to access UMRT stations. 
The respondents’ perceptions of accessibility showed significant impacts on access mode choice. As expected, 
people are more likely to walk from their homes to stations if they are aware of the location of nearest UMRT 
station to their homes. In addition, walking is preferable if respondents selected the measures of improving sidewalk 
and pedestrian facilities for better accessibility. On the other hand, people may prefer motorcycle (driver) and dislike 
walking, if their choices are to improve public parking facilities for better accessibility. No significant effect is 
found for the charge on motorcycle parking nearby UMRT stations. As expected, people having higher acceptable 
walking distance are more likely to choose walking mode and may dislike riding bicycle or motorcycle. But only 
acceptable walking distance between 250 m and 500 m shows a statistically significant influence on motorcycle 
(driver) mode. 
In this study, the spatial variations and inter-household variations are found to have significant influences on 
access mode choice. Among the parameters of spatial variation, the unobserved variations in utilities of walking and 
motorcycle (driver) modes across residential zones are statistically significant, but that of bicycle mode is not 
significant. In addition, the unobserved variations in utilities of walking and bicycle mode across households are 
significant, but that of motorcycle (driver) mode is not. These results indicate that: 1) there are significant 
differences in the inter-zonal unobserved heterogeneity for utilities of walking and motorcycle (driver) at residential 
locations, but residential inter-zonal unobserved heterogeneity for utility of bicycle mode at residential locations is 
not significantly different, 2) there is no significant difference in inter-household unobserved heterogeneity for 
utility of motorcycle (driver) mode, but inter-household unobserved heterogeneity for utilities of walking and 
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bicycle is significantly different. These results also emphasize the importance of accommodating the spatial and 
household heterogeneity in the context of access mode choice. 
 
           Table 2. Estimation results of access model choice model 
Explanatory variables 
Motorcycle 
(passenger) 
Walking Bicycle Motorcycle 
(driver) 
As reference Parameter  (t-stat) Parameter (t-stat) Parameter (t-stat) 
Constant term - 2.419*(2.246) -2.941**(-1.944) 1.227(1.430) 
Household Attributes 
   Number of children - -0.318 (-1.013) -0.738** (-1.857) -1.031* (-4.141) 
   Number of workers - 0.498*(2.033) 0.204 (0.697) 0.268 (1.449) 
   Average household income - 0.336 (1.223) -0.151 (-0.414) 0.048 (0.213) 
   Household bicycle ownership - -0.285 (-0.917) 0.497 (1.304) 0.044 (0.182) 
   Household motorcycle ownership - -0.711*(-2740) -0.323 (-1.051) -0.083 (-0.462) 
Individual Attributes 
   Male (1=Yes, 0=No)  -0.391 (-1.120) -0.154 (-0.345) 0.398 (1.237) 
   Age  0.053* (4.660) 0.021 (1.535) 0.031* (2.858) 
Effects of current main travel mode 
   Walking (1=Yes, 0=No) - 1.543*(2.856) 2.465*(3.179) -2.933*(-4.977) 
   Cycling (1=Yes, 0=No) - 2.708* (2.584) 6.704* (5.137) -1.274 (-1.052) 
   Bus (1=Yes, 0=No) - 0.209 (0.205) 0.798 (0.607) -3.001*(-2.480) 
Perceptions of levels of transport services 
   Be aware of the location of the UMRT 
station nearest to their home (1=Yes, 0=No) - 1.755
** (1.824) 0.090 (0.072) 1.180 (1.278) 
   Improving sidewalk and pedestrian 
facilities for better accessibility (1=Yes, 
0=No) 
- 3.192* (6.744) 0.084 (0.143) -0.317 (-0.821) 
   Improving parking facilities for better 
accessibility (1=Yes, 0=No)  - -1.423
*(-3.512) 0.646 (1.061) 0.821*(2.109) 
   Charge on motorcycle parking nearby 
station (1=Yes, 0=No) - 0.094 (0.232) 0.186 (0.370) 0.154 (0.428) 
Acceptable walking distance to UMRT station 
   <250 m (base) - - - - 
   250-500 m (1=Yes, 0=No) - 0.000 (0.001) -0.990 (-1.371) -1.124*(-2.286) 
   >500 m (1=Yes, 0=No) - 0.485 (0.897) -0.026 (-0.041) -0.105 (-0.217) 
Random effects 
   Spatial variations - 13.040*(3.068) 2.424 (1.263) 1.696*(1.986) 
   Inter-household variations - 11.110*(4.585) 4.165** (1.669) 0.592 (0.842) 
Sample size 2,605 
Log-likelihood at zero -3611.297 
Log-likelihood at convergence -623.475 
Rho-squared 0.827 
Adjusted rho-squared 0.812 
Note: Motorcycle (passenger) is served as a reference alternative. The cells with (-) indicate corresponding parameters are fixed as 
zero.  (*) Significant at 5% level; (**) Significant at 10% level. 
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5. Conclusions 
Whether or not motorcycle usage can be reduced in future in motorcycle dependent cities still remains a 
controversial question. Introducing mass transit systems in such cities may reduce long-distance trips by 
motorcycles on one hand, but may create short access trips by motorcycles on the other. Therefore, this paper aims 
to clarify the possibility of reducing the use of motorcycles for access trips. This was done by using data with 2,605 
respondents collected in 2009 and building a multilevel cross-classified access mode model. 
The influences of household characteristics, individual attributes and their perceptions of accessibility were 
identified. It is found that about 79% of respondents intended to walk to UMRT stations. But the share of 
motorcycles was about 17%, indicating that motorcycle may be still a popular access mode. As expected, there was 
a significant difference in the modal shares of future access modes between motorcycle and non-motorcycle users. 
While about 22% of motorcycle users are likely to ride motorcycle to access UMRT stations, but only about 3% of 
non-motorcycle users are likely to do. Such preferences are further confirmed in model estimation results in the 
sense that effects of current main travel modes on the choice of future access mode are statistically significant. 
People who currently use non-motorized modes (e.g., walking and cycling) are more likely to select the non-
motorized modes to access to/from UMRT stations. Those who prefer the improvement of sidewalk and pedestrian 
facilities in residential areas for better accessibility are more likely to reduce the use of motorcycle as the access 
mode. Additionally, this study empirically clarified the significant influences of spatial variations and inter-
household variations on the access mode choice, suggesting that spatial heterogeneity and household heterogeneity 
should be properly represented for the analysis of access mode choice in the context of motorcycle dependent cities. 
Even though we confirmed the usefulness of subjective expectation data to capture people’s choice of access 
modes, the findings should be compared using survey data (e.g., stated preference) with explicit tradeoffs in 
attributes of different modes. More policy-related variables should be introduced and interactions between factors 
may be required by reflecting actual trip chaining patterns. Finally, the role of subjective expectation data should be 
further explored in representing different types of travel behavior. 
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